Purpose of Review Rotator cuff injuries are a common cause of pain and dysfunction for the elite athlete and can result in time loss from participation. This review highlights the current management of these injuries. Recent Findings Conservative management of rotator cuff injuries continues to be the "gold standard" in the elite athlete. This includes a comprehensive rehabilitation program, anti-inflammatories, and corticosteroid injections. Newer treatment techniques such as intramuscular dry needling and the use of biologics such as platelet-rich plasma and stem cells demonstrate early promising results; however, these modalities require further investigation to determine their effectiveness. Summary Rotator cuff injuries can range from contusions and tendinopathy to full-thickness tears. A comprehensive evaluation is needed to determine the extent of injury and appropriate plan of care. Management strategies can range from rehabilitation to operative intervention and are guided by the size of the tear, time of season, sport, performance limitations, and presence of concomitant pathology.
Introduction
Injuries to the rotator cuff are a common source of pain and dysfunction in athletes across all sports and levels of competition. These injuries can also have a significant impact on playing career and can limit the athlete's ability to participate in competitive sports [1] . Due to the demands of sport, rotator cuff injuries have been shown to occur more frequently in both overhead and contact athletes [2, 3] . A study by a single professional football team reported that rotator cuff contusions accounted for 47% of all shoulder injuries [4] . In collegiate football, rotator cuff injuries have been shown to be the third most common injury of the shoulder [5] . In a review by Gibbs et al. [6•] , draft-eligible football players who sustained an injury to the rotator cuff were significantly less likely to be drafted than those without a previous injury. Drafted players who reported previous rotator cuff injury started significantly fewer games and played significantly fewer years than their matched controls. A previous study of Major League Baseball pitchers demonstrated that pitchers with rotator cuff injuries that eventually required surgery demonstrated gradual decline in their performance leading up to surgical intervention [1] .
In the elite athlete, injuries to the rotator cuff can result from an acute episode of trauma such as a direct blow, falling on an outstretched arm or from chronic overuse and repetitive microtrauma. Injuries can present along a spectrum of severity, ranging from rotator cuff contusions and tendinopathies to rotator cuff tears. Rotator cuff tears can be classified as either partial-thickness of full-thickness disruptions. Rotator cuff injuries in the overhead throwing athlete are believed to occur from repetitive tensile overload with eccentric contraction during the deceleration phase of the throwing motion [7] [8] [9] . Tears to the articular side of the rotator cuff are more common than bursal sided tears and are often the type of tear seen in overhead athletes [10, 11] . Many of these tears are located posterosuperiorly at the junction of the supraspinatus and infraspintatus tendonous attachments to the humerus [12, 13] . From our experience, injuries to the rotator cuff in the elite athlete can often result in missed time in training, practice, and competition. Management of injuries to the rotator cuff is guided by the type of injury and severity. Injuries to the rotator cuff can be treated either conservatively or surgically, and this decision is often based on the patient's age, size of tear, location of tear, performance limitations, and presence of concomitant injuries. Furthermore, in the elite athlete, there are many other factors for the treating clinician to consider. These include sport, level of contact, positional demands, time of year, and both post-season and financial implications.
There are many studies that examine the management and rehabilitation of post-operative rotator cuff repairs; however, little information exists on the in-season management of these injuries in the elite athlete. The aim of this review is to examine the current in-season management of rotator cuff injuries in elite athletes.
Relevant Anatomy
The glenohumeral joint is the most mobile joint in the human body. As a result, it requires intricate coordination of the surrounding musculature to maintain stability during functional activities. The rotator cuff is key to maintaining glenohumeral joint stability by maintaining centering of the humeral head on the glenoid fossa during active shoulder motion. The rotator cuff assists with elevating the arm while creating a force couple by compressing and stiffening the glenohumeral joint to counterbalance the larger muscles of the shoulder girdle during functional movement [14•, 15] . The supraspinatus acts a primary abductor of the humerus, whereas the infraspinatus and teres minor are primary external rotators of the glenohumeral joint. The subscapularis' primary function is internal rotation of the glenohumeral joint. A disruption or injury to any of the rotator cuff muscles can affect glenohumeral joint stability and disrupt normal shoulder kinematics.
Classification
Classification of a rotator cuff tear is important to guide treatment and to allow comparison between outcome studies. A tear may be classified based on size of the lesion, the number of tendons involved, and signal abnormality in the tendon on MRI. The initial distinction to make when evaluating rotator cuff tendon pathology in the elite athlete is to distinguish an acute, direct contusion from an underlying chronic process. Rotator cuff contusion is characterized by increased signal intensity in the tendon, but no tear (Fig. 1) . Rotator cuff contusion can be distinguished from chronic tendonosis by the presence of increased signal in both the tendon and the overlying bursa, as well as frequent associated bone marrow edema pattern in the underlying tuberosity. There may be a fluid collection in the subacromial/sub-deltoid region, suggestive of a bleed from the acute contusion injury. The diagnosis of rotator cuff contusion is also suggested by the acute mechanism of injury, which is typically a direct blow to the shoulder from falling on the extremity or direct contact by another player.
Tendinopathy is characterized by abnormal signal intensity in the tendon on MRI. There may also be thickening of the tendon. Ultrasound will show loss of the normal echogenic structure of the tendon, due to collagen fiber disorganization. Changes in the rotator cuff tendon consistent with tendonosis are fairly common in athletes engaged in repetitive overhead activities, such as throwers, swimmers, and tennis players. Tendonosis can also develop in football players from years of heavy weight lifting exercises. Partial thickness tears may develop in tendons with underlying tendinosis with most partial thickness tears beginning on the articular side of the tendon in this setting (Fig. 2) . Full thickness tears are less common in young athletes but may be seen after direct trauma. A full thickness tear in a young individual (such as an athlete) is often seen in the setting of pre-existing tendonosis (acute on chronic presentation).
Clinical Presentation
Clinical presentation of injuries to the rotator cuff can vary by type of injury and mechanism of onset. A thorough history that includes mechanism of injury and arm position at the time of injury can help the clinician determine the presence of injury to the rotator cuff [16] . Examination of the athlete should include thorough palpation and assessment of both active and passive range of motion. Athletes will often demonstrate a painful arc of active motion.
Overhead athletes with rotator cuff pathology may present with excessive passive external rotation and limited internal Fig. 1 Coronal magnetic resonance image of a left shoulder demonstrates contusion of the supraspinatus tendon rotation (IR) at 90 degrees of glenohumeral abduction. This disparity, referred to as glenohumeral internal rotation deficit (GIRD), is a loss of IR in the dominant shoulder of 20 degrees or more as compared to the non-dominant shoulder, which can result from both muscular and capsular tightness [8, [17] [18] [19] . Furthermore, strength assessment should include both the shoulder and scapular musculature. This can help the clinician determine the level of muscular involvement and also assist with developing the post-injury rehabilitation protocol. An acute rotator cuff contusion can lead to transient reflex inhibition of the rotator cuff and deltoid, resulting in marked weakness. Glenohumeral stability should also be assessed. The cervical spine and elbow should be ruled out as a possible referral source for the shoulder pain.
Imaging includes plain radiographs to rule out bony injury, assess for pre-existing degenerative changes, and assess the position of the humeral head relative to the glenoid. Acute rotator cuff inhibition associated with a contusion may lead to transient loss of humeral head centering, with proximal migration of the humerus relative to the glenoid. MRI scan is the gold standard to assess the integrity of the rotator cuff tendon as well as the musculature. MRI also allows evaluation of the labrum and articular cartilage. Diagnostic ultrasound is also commonly used and is a reliable modality to assess rotator cuff injury and provides the benefit of allowing for a dynamic assessment. Particularly in the setting of elite athletes, it is beneficial to have a designated musculoskeletal radiologist who is experienced with athlete-specific pathology to partner with for such studies.
Rehabilitation
Conservative management of rotator cuff injuries should include a comprehensive rehabilitation program. Wilk and colleagues [18•, 20, 21] have extensively reported on shoulder rehabilitation for the throwing athlete with many of the same principles able to be applied to all types of athletes with varying patterns of rotator cuff injury. A recent review by Edwards et al. [14• ] provided an evidence-based 4-phase exercise protocol for the conservative management of rotator cuff injury. These phases included range of motion, flexibility, strengthening, and advanced strengthening/proprioception. Similar to the two aforementioned approaches, our belief is that the complete rehabilitation program should focus on eliminating initial pain and inflammation, improving shoulder mobility, and addressing stability, strength, power, and neuromuscular control, while correcting any identifiable issues along the kinematic chain. Program design should be progressive, functional, and sport-specific in efforts to best prepare the athlete for return-to-competition.
Early Rehabilitation
Early rehabilitation following rotator cuff injury should focus on the reduction of pain, inflammation, swelling, and restoring normal range of motion. This can be accomplished using both local physical modalities such as ice, electrical stimulation, and laser in addition to manual therapies. In a painful shoulder, studies have demonstrated a decrease in electromyographic activity by 23% with a corresponding reduction in external rotation force production by 32% [22] . This finding suggests the importance of early pain reduction such that the athlete can begin a progressive strengthening program. The athlete should also avoid activities that cause reproduction of symptoms. This may include activities related to weight training or sport-specific activities such as throwing.
Manual therapies such as joint mobilization and passive range of motion can assist with restoring normal joint kinematics and improving glenohumeral joint range motion. Glenohumeral joint grade I and grade II joint mobilization techniques can be performed not only to reduce pain but also to decrease muscle guarding in an effort to enhance the athletes' range of motion [23] . Additionally, one of the more common, remedial, and safe shoulder exercises to reduce joint stiffness and improve range of motion is the Codman's pendulum exercise [24] . Range of motion exercises can be progressed to active-assisted activities where patients can use a wand and their unaffected arm to move through the desired range of motion, followed by active, unassisted exercises.
Elite athletes with injuries to the rotator cuff may demonstrate limitations in glenohumeral range of motion that include GIRD and other deficiencies. Limitations, specifically with internal rotation in the overhead athlete, are often related to chronic tightness of the posterior rotator cuff, posterior shoulder musculature caused by poor position of the scapula, or the posterior joint capsule [18•] . Both the modified sleeper stretch as well as the modified cross-body stretch are two common exercises that have been shown to be effective for increasing shoulder internal rotation and horizontal adduction of the glenohumeral joint, respectively [25, 26•] . Stretching of the pectoralis minor muscle may also be beneficial for improving scapular mechanics and overall shoulder function [27] .
Intramuscular dry needling has also been shown to improve shoulder range of motion and function [28] [29] [30] [31] . This technique involves a practitioner using fine filaform needle to penetrate the skin and underlying muscle to reduce both pain and spasm associated with tight muscles and myofascial trigger points. The underlying mechanism behind the use of dry needling is dependent upon the clinician's goals for treatment and also the type of tissue that is being treated [32] . For the treatment of chronic tendon injury, dry needling can be used to stimulate blood flow and subsequent growth factors that may assist with the healing process. In the presence of trigger points and muscle spasm, dry needling is used is to elicit a local twitch response, reduce nociceptive, inflammatory, and immune related chemicals, and relax the taut band of tissue [31] . A recent randomized controlled trial demonstrated that dry needling had therapeutic effects on supraspinatus lesions and improved shoulder range of motion [28] . Similarly, a study by Osborne and Gatt [30] demonstrated overall improved shoulder range of motion and function in elite volleyball players following treatment of the scapulohumeral musculature. While early results have been positive, further study is needed to determine the overall efficacy of this treatment modality in elite athletes with rotator cuff pathology.
From our clinical experience, utilizing aquatic therapy early in the rehabilitation process can assist with the restoration of active range of motion, normal shoulder kinematics, and preparing the shoulder for progression to land-based activities [33] . The properties of water, including viscosity and hydrostatic pressure, may also assist in providing resistance with exercise without having to use weights, and can also aid in the reduction of swelling.
Following injury, there may be muscle inhibition of the rotator cuff due to the post-injury pain and joint effusion. Neuromuscular electrical stimulation can be used shortly after injury to assist with neuromuscular re-education and muscle activation. This type of electrical stimulation has been shown to improve external rotation force production when applied to the infraspinatus following rotator cuff repair [34] . Isometric exercises are also a safe and effective way early in the rehabilitation process to promote muscle activation and lead into more advanced isotonic strengthening exercises.
Intermediate Phase
The intermediate phase of the rehabilitation process should include a progressive strengthening program focusing on the scapular musculature as well as the rotator cuff. The scapulothoracic joint and related scapular musculature provides a critical role in overall shoulder function. Therefore, rehabilitation programs should emphasize neuromuscular control focusing on enhancing proximal stability of this region prior to addressing distal segment mobility. The scapula provides a stable base that allows the humeral head to both elevate and rotate during functional activities. Furthermore, human movement and more specifically sports-related movement does not occur in isolation, but rather occurs in orchestrated interactions between many joints in multiple planes. Therefore, one of the essential roles of the scapulothoracic articulation is its ability to serve as a bridge between the core musculature and lower extremity as kinetic energy is transferred up the chain during sport-specific movements [13] .
Altered scapular positioning, specifically anterior tilting, has been shown to limit glenohumeral joint internal rotation and is believed to contribute to multiple shoulder pathologies. Abnormal scapular kinematics and dysfunctional scapulohumeral rhythm can be caused by pain associated with injury, soft tissue tightness, strength imbalances, deficiencies in muscle activity, and resultant poor posture [35] . Previous studies have suggested that individuals with rotator cuff pathology and shoulder pain demonstrate decreased strength of the serratus anterior, early activation and hyperactivity of the upper trapezius, and decreased activity and activation of the middle and lower trapezius [14•, 36-38] . Developing intervention programs that target the serratus anterior and middle and lower trapezius, while minimizing upper trapezius activation, can enhance scapulohumeral rhythm and glenohumeral position in space, thus allowing better function of the rotator cuff during shoulder activities.
A progressive scapular strengthening program should include both open and closed kinetic chain activities (Figs.3 and 4) . Closed kinetic chain exercises, such as the push-up plus, have been shown to generate higher muscle activation of the serratus anterior [39] . Exercises in the closed kinetic chain are believed to promote greater co-contraction between the rotator cuff and scapular stabilizers, stimulate joint mechanoreceptors, and better replicate the demands of certain sports, for example-an offensive lineman blocking in American Football or a collegiate wrestler working from the referee's position on the mat.
Isolated strengthening of the rotator cuff muscles should be included once pain and inflammation from the initial injury have subsided and is essential in maintaining centering of the humeral head on the glenoid fossa during functional activities. Numerous studies have used electromyographic analysis of the rotator cuff muscles to assist with the development of optimal post-injury treatment plans [15, 40, 41] . Studies have demonstrated that sidelying external rotation produces high EMG activity in both the infraspinatus and teres minor (Fig. 5) [41] . Wilk et al. [20] developed the "Thrower's 10" program, which is a progressive isotonic strengthening program based on EMG data that addresses both strengthening of the rotator cuff muscles and scapular stabilizers. These exercises can be advanced to be performed on a stability ball to enhance core activation and can be progressed to enhance muscular endurance with alternating movements and sustained holds [21] . While developed for the overhead thrower, the principles of this program can be applied to most athletes recovering from an injury to the rotator cuff.
Blood flow restriction (BFR) training is a newer technique that can be employed during this stage and can be used as an adjunct to traditional resistance training. BFR requires an inflatable cuff to be placed proximally around a limb to create brief periods of partial venous occlusion while performing exercises between 20 and 40% of an individual's 1-repetition maximum [42] . BFR has been shown to provide similar muscular adaptations in the upper extremity such as hypertrophy and strength similar to that of higher load resistance training [43] . These findings include muscle groups proximal to the site of occlusion, including the chest, back, and shoulder. While early results of this technique appear promising, further research is needed to determine the mechanism and overall efficacy of this technique for athletes with rotator cuff injury.
Advanced/Late Stage Rehabilitation
Late stage rehabilitation should include advanced strengthening and endurance training, dynamic stabilization drills, and sportspecific activities. Exercises in this stage should include drills specific to the demands of sport and an individual's position. The athlete should be progressed back into full weight training activities with careful collaboration between the medical, rehabilitation, and strength and conditioning staff. Strength training should address both upper body pulling exercises and upper body pressing exercises in addition to core stability.
Upper extremity plyometric exercises can be initiated and have been shown to be beneficial for improving proprioception, kinesthesia, as well as muscular endurance for the rotator cuff (Fig. 6) [44] . Plyometric exercises involve three distinct phases: an eccentric pre-stretch, followed by the amortization phase, which is then followed by a concentric contraction. The amortization phase, which is defined as the time between the eccentric and concentric phases, should be as short as possible to allow for adequate energy transfer. Plyometric exercises for the upper extremity usually include throws that can be progressed from two-handed to one-handed drills, while being performed in a variety of conditions (tall knee, half kneel, unstable surface). Rhythmic stabilization exercises, while they can be initiated early in the rehabilitation program, can be progressed to more complex exercises to include unstable surfaces and performance on a physioball to improve overall neuromuscular control. For the overhead thrower, a throwing program can be initiated and should include a graded training, carefully monitoring quantity of throws, distance, intensity, and types of throws [45] .
Medical Management

Non-Steroidal Anti-inflammatory Medication
Judicious use of oral non-steroidal anti-inflammatory drugs (NSAIDS) can be used in the short term to assist with postinjury pain and inflammation associated with rotator cuff injury. These should be used with caution as long-term NSAID use has been associated with gastrointestinal illness and elevated cardiovascular risk. A recent meta-analysis that examined the use of oral NSAIDs on rotator cuff tendinopathy demonstrated that these medications may be effective in reducing short-term pain and can be as effective as corticosteroid injection to improve short-term pain and function [46] .
Corticosteroid Injection
Corticosteroid injections are widely used in orthopedics and traditionally have been the cornerstone injection therapy in a variety of shoulder conditions [47] . In the young athlete, however, caution must be exercised with repeated corticosteroid injections for rotator cuff disease due to the risk of tendon weakening and rupture [48, 49] . Frequently used corticosteroids are methylprednisolone and triamcinolone, which are thought to have equivalent potency, followed by betamethasone and dexamethasone, which are proportionally more potent than both methylprednisolone and triamcinolone and thus are administered in smaller doses [47, 50, 51] . There are limited studies on the use of corticosteroid injection for rotator cuff disease in elite athletes. In a retrospective study of 26 professional football players with a rotator cuff contusion, six players had persistent pain and shoulder dysfunction at 3 days and were given a subacromial corticosteroid injection to assist in their recovery [4] . During the first 3 days after injury, all players received Darvocet, range of motion therapy, cryotherapy, interferential stimulation, and pulsed ultrasound; no NSAIDs were used. Only one of the six players who received a subacromial injection went on to later surgical treatment, although it was unclear whether this player underwent surgery for rotator cuff repair or labral repair. In another study of 43 young athletes (more than half collegiate or professional) with partial rotator cuff tears, 7 of 14 athletes who sustained acute, traumatic injuries and 11 of 29 overhead athletes who had an insidious, atraumatic onset of pain had at least one subacromial corticosteroid injection, which provided temporary pain relief in 57 and 36% of athletes in each group, respectively [10] . However, all athletes in this study failed nonoperative management and required operative treatment due to continued shoulder pain that precluded them from returning to sport.
Some randomized trials in the general population have reported efficacy of subacromial corticosteroid injection for reducing pain, increasing range of motion, and improving function over placebo in patients with rotator cuff disease [52] [53] [54] . However, other studies have reported no statistical differences in pain scores, range of motion, or functional scores compared to placebo [55] [56] [57] [58] [59] . A Cochrane systematic review comparing steroid injections and concomitant oral NSAIDs to NSAIDs alone reported no difference in pain, function, and abduction range of motion at various time points [50] .
Prolotherapy
Prolotherapy, or hypertonic dextrose injection, has been described for treatment of chronic painful rotator cuff tendinopathy [60] . Although the exact mechanism of this type of treatment remains unclear, it is thought that injection of an irritant solution at painful ligament and tendon insertions stimulates local healing by inducing an inflammatory response and subsequent proliferation of new tissue, which is typically a scar tissue response [61] . Most of the literature on prolotherapy is limited to the treatment of knee osteoarthritis, and the literature on prolotherapy in the shoulder is limited to small retrospective series outside of North America. Lee et al. conducted a retrospective case-control study among a heterogeneous Korean population with rotator cuff disease showing that prolotherapy injection led to improvement in VAS score, Shoulder Pain and Disability Index (SPADI) score, isometric strength, and active ROM compared to continued conservative management without injection [62] . A similar study conducted in a Turkish population by Seven et al. showed similar results with improvement in VAS, SPADI, and Western Ontario Rotator Cuff (WORC) Index at up to 1 year in patients treated with prolotherapy versus no injection [63] . To our knowledge, there are no studies of prolotherapy for rotator cuff disease specifically in athletes, and there are no studies comparing prolotherapy to other injection therapies. Given that prolotherapy can incite an inflammatory response, its use would not be indicated in the acute phase of rotator cuff contusion.
Platelet-Rich Plasma Injection
Platelet-rich plasma (PRP) injections locally deliver high concentrations of biologic factors essential to the healing process to augment musculoskeletal tissue repair. Due to its accessibility as an autologous "minimally manipulated" biologic treatment product, the use of PRP has gained substantial popularity for the treatment of various orthopedic conditions in the elite athlete. To our knowledge, there are no studies of PRP injection specifically in athletes for rotator cuff disease; however, several level I studies report no difference in clinical outcomes in patients who received PRP injection for rotator cuff tendinopathy compared to controls [64, 65] . It is important to note that there remains substantial variability in the methods of PRP production among commercial systems [66] [67] [68] . Additionally, within a given PRP preparation protocol, there is a high degree of inter-and intra-subject variability in the composition of PRP produced [69] . This variability makes it difficult to draw any definitive conclusions on the efficacy of PRP treatment for rotator cuff disease.
Return-to-Competition
As with any sports-related injury, decisions on return-tocompetition following injury to the rotator cuff should be made collaboratively with the team physician, rehabilitation staff, and the athlete. The decision should be predicated on physical exam findings consistent with pre-injury levels of pain, range of motion, stability, strength, and overall shoulder function. The athlete should demonstrate adequate power and muscular endurance and be able to satisfactorily perform all that is required based on the demands of their sport. It is recommended that the return to team-related activities and training should be step-wise and titrated accordingly. For example, in American Football, often a player will be returned to individual position drills first, followed by unit drills (offense/ defense), and finally full team activities without restrictions. For overhead throwers, this may include monitoring pitch count, or for swimmers modification of distance and stroke.
In collision and contact sports, such as American Football, soccer, and lacrosse, the medical staff may consider using offthe-shelf bracing options to assist with limiting shoulder range of motion and avoiding positions that may cause pain and prevent re-injury. Hard-shell padding can be used in the presence of previous rotator cuff contusions to avoid a second direct contact. Upon return-to-competition, the athlete should be carefully monitored to avoid a repeat injury.
Surgical Options
While non-operative management is the first line treatment for most rotator cuff tears, operative intervention can be considered when the patient fails to respond to conservative measures. Operative treatment of the rotator cuff can be performed in several ways, and the choice is dependent on several factors including surgeon experience and preference, characteristics of the tear and patient-specific factors such as age, sport, and position. The surgical approach to the repair of the rotator cuff can be performed open, mini-open (arthroscopically assisted), or arthroscopically [70] . There is limited evidence supporting one approach over another, but arthroscopic repair has steadily gained in popularity along with the improvements in arthroscopic technique and avoids many of the complications associated with open surgery including deltoid compromise, higher nerve injury rate, increased postoperative pain, increased infection rate, and joint stiffness.
While previous studies demonstrate repair of the rotator cuff to alleviate pain and improve function in the general population, there is a paucity of evidence regarding the treatment and outcomes of these procedures in high-level athletes. The primary expectation of the athlete following surgical repair is to return to sport at the same pre-injury level of play. Dines et al. demonstrated that debridement alone without repair of small, partial-thickness tears allowed the majority of elite throwing athletes to return to competitive pitching, yet returning them to their previous level of competition was a challenge for many of the players [71•] . Furthermore, Reynolds et al. reported that partial thickness rotator cuff tears treated with debridement alone allowed the majority of elite overhead throwing athletes to return to competitive pitching (76%), but returning to their previous level of play remained a challenge (55%) [72] .
Klouche et al. reported a systematic review and metaanalysis of the rate of return to sport after surgical treatment of rotator cuff tears and found that the overall rate of return to sport was 84.7%, with 65.9% at equivalent level of play, but only 49.9% of the professional and competitive athletes returning to same level of play [73•] . Conway reported an 89% return to the same or higher level of play following a partial rotator cuff repair in a sample of 14 high-level baseball players [74] .
Return to same level of play after surgical repair of full thickness tears in overhead athletes in professional baseball athletes has been unpredictable and can potentially be career ending injuries [75, 76] . Dines et al. demonstrated that arthroscopic repair of full thickness tears in professional baseball players allowed 83% to return to pre-injury level of competition, but despite high rate of return to Major League Baseball, few resumed pitching at the same level, and performance almost uniformly decreased [71•] . Arthroscopic shoulder surgery for rotator cuff and/or the labrum was performed in professional female tennis players, with only 25% of players achieving their pre-injury singles rank or better, with 88% returning to professional play [77] .
In regards to the contact athlete, a survey of National Football League (NFL) team physicians demonstrated 51 full thickness rotator cuff tears in 49 players over the 10-year study period. Of those injuries reported, all but four required surgical repair [78] . Tampe et al. reported on arthroscopic rotator cuff repair in professional rugby players. Of the 11 players who were injured in the 2-year study period and underwent arthroscopic repair, all returned to their previous level of sport on average at 4.8 months [79] .
In summary, the surgical management of the rotator cuff injury in the high-demand athlete is a challenging problem and the limited data available has reported less than optimal clinical outcomes, demonstrating the need for further research in this area. Therefore, it is important to communicate with the patient a realistic understanding of the expectations, and the real possibility that an injury requiring surgery may prevent one from returning to the same level of competition [80] .
Future Directions
The underlying cellular and molecular mechanisms that lead to tendonopathy are poorly understood. This has contributed to our lack of effective treatments for degenerative tendonopathy. Furthermore, tendon healing after repair is a slow and imperfect process. The structure and composition of the native rotator cuff tendon insertion site are not reformed following surgical repair. Research in this field is currently focused on understanding the underlying molecular mediators that are responsible for degenerative tendinopathy, and that initiate and regulate the tendon healing process. As we gain improved understanding of the biological events in tendon degeneration and tendon healing, this data will presumably suggest avenues for "biological augmentation" of tendon repair.
Current options for biologic augmentation include injection of PRP and the use of cell-based therapy. The rationale for the use of PRP is the ability to provide numerous cytokines, growth factors, and other platelet-derived and plasmaderived proteins that can increase cell proliferation, matrix synthesis, and angiogenesis. However, there is currently limited data to suggest that PRP is effective in treatment of tendinopathy or tendon healing. One of the fundamental limitations of PRP therapy is the significant inter-individual variability in the composition and biologic activity. Further work is required to understand the specific factors in PRP that may have a positive effect on tendon biology.
Cell-based approaches ("stem cells") also appear to have great potential for improvement of tendon healing. The basic options at this time for stem cell therapy include cells derived from bone marrow and adipose tissue. However, the number of true stem cells by formal molecular criteria is very low in these tissues. Furthermore, current FDA regulations do not allow cell sorting and culturing in order to expand the number of stem cells. As a result, our current ability to apply stem cells to healing tendon is limited. Similar to PRP, there is significant inter-individual variability in the number and biological activity of stem cells harvested from various tissues. All of these factors contribute to our current limited ability to use cells for biologic augmentation of tendon.
Promising approaches in the area of stem cell research include the potential to use induced pluripotent stem cells (iPSC's) and the possibility of stimulating the endogenous stem cells ("intrinsic stem cell niche") that are known to be present in many tissues, including tendon. Induced pluripotent stem cells are created using gene therapy techniques to "reprogram" a differentiated cell (such as a cell derived from blood or skin) such that it is equivalent to an undifferentiated embryonic stem cell. Although this approach has exciting potential for biological augmentation of tendon, there are currently scientific, logistical, and safety hurdles to overcome before this approach can be used in orthopedic applications.
The intrinsic stem cell niche refers to the small population of quiescent progenitor cells that are known to be present in many tissues, including tendon. These are cells that likely participated in embryologic tendon development. The challenge at this time is to identify the factors that regulate and control these intrinsic progenitor cells, so that we could eventually leverage these cells for tendon healing.
As ongoing research provides further insight into the biology of tendon degeneration, healing, and repair, signaling pathways may be identified that can suggest avenues for development of novel pharmacologic agents and other approaches to improve tendon healing.
Conclusion
Injuries to the rotator cuff remain a common cause of pain and dysfunction for the elite athlete and can result in time loss from participation. Management of rotator cuff injuries in the elite athlete provides many challenges for the sports medicine staff. These injuries can be managed both non-surgically and surgically; however, optimal management is predicated on a myriad of factors related to both the underlying pathology and also sport-related variables including the athlete's position and time of the season. Based on our experience, many of these injuries can be managed conservatively in-season with anti-inflammatories, injection, and a comprehensive rehabilitation program. Those rotator cuff tears that do not respond to conservative management can be addressed operatively in the off-season or immediately based on the athlete's current level of dysfunction and ability to meet the demands of their sport.
The management of rotator cuff injuries in the elite athlete will continue to be guided by advances in basic science, clinical research, and clinician acumen. Newer treatment techniques such as intramuscular dry needling, blood flow restriction therapy, and the use of biologics are supported by some early data but require more level I studies to determine their effectiveness in the treatment of rotator cuff injuries. An early and accurate diagnosis followed by an individualized and comprehensive treatment program will afford the sports medicine staff the greatest opportunity to return the elite athlete back to competition following rotator cuff injury both expediently and safely.
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